Introduction
============

In Argentina, the first imported cases of pandemic influenza H1N1 (pH1N1) were detected in April 2009, initiating the local transmission of the disease that widely spread in a few months ([@b1-ijph-41-26]). By August, 20 provinces of the country had reported deaths due to this disease. The first domestic cases in the island of Tierra del Fuego, the most southern province of Argentina, were detected in June in the cities of Ushuaia and Rio Grande. The transmission of the disease continued in both cities until October. A total of 6091 clinical cases were notified by the epidemiological surveillance system, and 281 cases were confirmed by serological tests for the novel influenza A virus (pH1N1). Control measures were implemented, including antiviral treatment for cases and post-exposure prophylaxis for household contacts, isolation of symptomatic cases and school closures ([@b2-ijph-41-26]).

During H1N1 pandemics, mathematical models have been used to estimate the burden of disease, spread, and other health outcomes. These models depend on knowledge of key transmission parameters. One of the most important parameters estimated in the early stages of an epidemic is the serial interval. This parameter is defined as the time between successive cases in a single chain of transmission. The serial interval is generally calculated from the interval between clinical onsets ([@b3-ijph-41-26]).

The aim of our study was to estimate the serial interval of pH1N1 influenza in Tierra del Fuego, particularly in household transmission, from empirical data.

Materials and Methods
=====================

We analyzed the registries of influenza reported by the public health-care system of the cities of Ushuaia and Rio Grande, province of Tierra del Fuego, Argentina, between 1 June 2009 (date of symptoms onset of the first confirmed case of pH1N1influenza in the province) and 10 November 2009 (date of symptoms onset of the last confirmed case). An influenza-like illness case was defined as temperature 38 degrees C or greater and either cough or sore throat. A confirmed case was defined by a positive result of a real-time polymerase chain reaction (RT-PCR) assay specific for pH1N1 virus. The laboratory tests was performed at the National Reference Laboratory, Servicio de Virosis Respiratorias del Instituto Nacional de Enfermedades Infecciosas, Buenos Aires, following the Centers for Disease Control and Prevention (CDC) protocol of real-time RT-PCR for influenza A (H1N1) of the USA, published by the World Health Organization ([@b4-ijph-41-26]).

The serial interval (SI) was estimated through a retrospective cohort design, using only the records of patients with a positive result of RT-PCR assay for pH1N1 virus in the entire province. The SI was calculated as the time in days between symptom onset in laboratory-confirmed index cases to symptom onset in corresponding household contacts. The pair index case-infected household contact were excluded if symptoms developed in both patients within the same day or with a difference greater than 7 days. When the disease developed in two or more household contacts, we only considered the difference found between the index case and the first household contact infected, and the other contacts were excluded. The serial intervals estimated were adjusted to three parametric models: Weibull, log-normal and gamma distributions ([@b5-ijph-41-26]). The three models were compared using the Akaike Information Criterion (AIC) for a better evaluation of adjustments. The preferred model is the one with the lowest AIC value. For the estimation of the serial interval and the 95% confidence intervals, we used a bootstrapping nonparametric resampling method ([@b6-ijph-41-26]). Calculations were performed using R software version 2.10.1 ([@b7-ijph-41-26]) with the package fitdistrplus ([@b8-ijph-41-26]).

Results
=======

We detected 283 cases of pH1N1influenza confirmed by laboratory tests from a total of 550 samples analyzed (51%). Hospitalizations were necessary in 13.8% of patients, yet no deaths were reported. Complete data of household contacts were available in 13 patients and all cases had clinical and serological confirmation. Thus, we obtained the estimates of the three distributions ([Table 1](#t1-ijph-41-26){ref-type="table"}).

According to the AIC, the log-normal distribution had the best adjustment. Using the results of the 1000 bootstrap resamplings, we estimated a mean SI of 2.0 days (95% CI = 1.5--2.6 days) ([Fig. 1](#f1-ijph-41-26){ref-type="fig"}).

Discussion
==========

Our estimation for the serial interval is consistent with the values estimated for the outbreak in La Gloria, Mexico: a SI of 1.91 days ([@b9-ijph-41-26]) or 2.09 days ([@b10-ijph-41-26]), but lower than other published values for Canada, Germany and USA, within the range of 2.5 and 5 days ([@b11-ijph-41-26]--[@b15-ijph-41-26]). As explained by White and Pagano ([@b16-ijph-41-26]), estimates of the serial interval are affected if the reporting fraction varies over time. This means that a decrease of the reporting fraction tends to underestimations of the serial interval. Thus, the study design may have influenced these estimates, since this was a retrospective study, and a decrease in the notification rates should be expected along the outbreak, especially in diseases with no specific treatment. Another interest point is that in our study, only secondary cases with laboratory confirmation by RT-PCR were considered. Some of the cited studies used the same criteria, while others have confirmed secondary cases if an epidemiological link to a laboratory-confirmed case could be demonstrated.

Our study has several limitations. Nose and throat swabs were collected for laboratory confirmation of infection in a small number of patients. Not all patients sought medical care in health care centers, and we only considered medical consultations records within the public health care system. In consequence, these facts might have produced bias in our sample, as explained previously. Moreover, since this is a symptom-based design, selection bias might have occurred due to cases detected more than one day after symptoms onset, leading to a left truncation of infection status in household contacts. In addition, some secondary cases may be wrongly attributed to the household index and we may have misinterpreted some co-primary cases as secondary cases, leading us to underestimate the serial interval. Neither did we consider asymptomatic or sub-clinical infections. We performed the bootstrap technique to assess parameter uncertainty, but without a sensitivity analysis to evaluate the risk of community transmission. This was due to the lack of information about other covariates that could allow the development of more complex statistical models, like the study by Cauchemez et al. ([@b11-ijph-41-26]). Despite the aforementioned limitations, we consider the estimation of the serial interval and other key parameters with empirical data very important for mathematical models of disease transmission.
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Parametric estimates of the serial interval for each probability distribution. Tierra del Fuego, Argentina, 2009

  **Probability distribution**   **Estimate**   **Standard error**   **Akaike Information Criterion (AIC)**
  ------------------------------ -------------- -------------------- ----------------------------------------
  Log-normal                     Meanlog: 0.7   0.1                  39.4
  Sdlog: 0.5                     0.1                                 
  Gamma                          Shape: 4.2     1.6                  40.8
  Scale: 2.5                     0.8                                 
  Weibull                        Shape: 1.9     0.4                  43.1
  Scale: 2.5                     0.4                                 
